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IH  and  ISc  nuclear  magnetic  resonance 
OF  dihydroimidazo-pyridine  and 

IMIDA20-[1 ,2-a]-PYRIDINE  DERIVATIVES 


1 .  INTRODUCTION 

Because  of  the  structural  similarity  between  the  purines  and  the  imidazo-[1 ,2  a] 
pyridines,  the  latter  have  attracted  considerable  interest.  Several  attempts  have  been  made  to 
study  this  10  Tt-electron  aromatic  system  and  correlate  electron  densities  with  their  reactivity, 
ultraviolet  (UV)  absorption,  and  other  parameters. "'■5  The  '*H  NMR  and  "*30  NMR  chemical 
shifts  have  been  correlated  with  the  total  ji-electron  densities  of  the  ring  positions. 3'^ 
However,  difficulties  were  encountered  in  calculating  electron  densities  due  to  the  effect  of  o 
electron  polarization. 3  Cross-ring  effects,  para  spin-spin  coupling,  peri-anisotropic  effects,  and 
shielding  effects  associated  with  atomic  dipoles  contributed  to  the  chemical  shifts  of  the 
protons  of  the  azines.'^  The  NMR  and  UV  studies  led  to  the  conclusion  that  the  imidazo- 
pyridine  molecule  is  a  10  rc-electron  aromatic  system  with  considerable  delocalization  of 
electrons  and  the  ability  to  sustain  ring  currents. 

In  the  study  of  the  aromatic  properties  and  the  interplay  of  ring  currents,  the  ‘  ’ 
NMR  has  proved  to  be  a  versatile  tool.7'9  A  linear  correlation  was  reported  between  ^  3q 
chemical  shifts  and  the  net  electronic  charges.^-3  The  NMR  spectra  of  the  imidazo-pyridiniurn 
salts  are  considerably  different  from  their  free  bases."*  Quaternization  affects  the  chemical 
shifts  of  carbons  adjacent  to  the  quaternized  nitrogen  atom.  The  electron  charge  buildup  on 
the  carbon  atom  moves  its  resonance  upfield,  and  the  shielding  pattern  is  significantly  altered 
by  the  quaternization. ^•"'3  Due  to  a  variety  of  effects,  both  N^  and  N4  are  capable  of  inducing 
positive  and  negative  net  charges.3 

lmidazo-[1 ,2-a]-pyridines  are  no  exception  to  the  direct  steric  effects  observed  in 
aromatic  heterocyclics.^  *-*2  The  peri-interactions  between  N-|-R  and  Cs-R  on  one  hand  and 
C3-R  and  C5-R  on  the  other  have  been  reported. ^•"'3  The  ?ri, elding  effect  for  the  para  position 
of  the  substituent  has  been  seen  in  the  ^ H  and  "*30  NMR."*  •  ^  substituent  induced  ortho 
effect  has  been  reported  to  affect  chemical  shifts. Th"  nresence  of  a  substituent  on  the 
pyridine  ring  of  the  imidazo-pyridines  has  no  effect  on  the  reactivity  of  the  imidazole  moiety  ana 

vice  versa.  ^3 


In  connection  with  the  synthesis  of  the  dihyaroimidazo-[1,2-a]-pyridines,*3  1h 
and  "*30  NMR  spectra  were  studied.  The  NMR  spectra  of  the  dihydroimidazo-pyridinium  salts 
are  strikingly  different  from  those  of  the  free  bases  and  those  of  the  completely  aromatic 
imidazo-pyridinium  derivatives.  The  pyridine  protons  appear  between  6.7  and  9.0  ppm.  Most 
noticeable  differences  are  seen  in  the  spectra  of  the  pyridinium  moiety.  The  substitution  ot  tns 
pyridine  hydrogen  with  a  methyl  group  causes  an  upfield  displacement  of  the  chemica:  su:tt  ; 
the  ortho-protons.  A  similar  observation  was  reported  in  the  case  of  imidazo-[1 ,2-a]- 
pyridines.'*^'30  Clearly  seen  in  the  ^3c  nMR  spectra  of  the  dihydroimidazo-pyridinium 
derivatives  is  the  displacement  of  the  C7  signal  to  higher  frequency  due  to  the  positive  charge 
on  N4.  The  chemical  shifts  of  C5  and  C7  are  interchanged  in  all  but  one;  in  that,  the  C7  signal 
is  displaced  to  higher  frequency,  whereas  the  C5  signal  has  shifted  to  lower  fr'^quency.  This 

was  further  confirmed  by  2D-NMR  (see  the  figure).  A  similar  argument  may  be  advanced  in  tfie 
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case  of  the  1-ben2yl-2-alkyl-2-hyclroxy-2,3-dihydroimidazo-[1,2-a]-pyridinium  saltJ'^  The  one 
exception  being  1b.  This  may  be  due  to  the  peri-interactions."' -''0.13 

2.  EXPERIMENTAL  PROCEDURES 

2.1  Compounds. 

The  synthesis  of  the  dihydroimidazo-[1,2-a]-pyridinium  salts  was  accomplished 
in  a  straightforward  manner  by  condensing  the  respective  aminopyridines  with  1,2- 
dibromoethane.  The  compounds  obtained  were  purified  and  characterized  by  elemental  and 
spectrometric  analysis. "'9  For  a  review  on  the  synthesis  of  imidazo-[1 ,2-a]-pyridines,  see 
Blewitt.9  Attempted  0-demethylation  of  pyrilamine  with  trimethylsilyl  iodide  to  obtain 
tripelennamine,  a  metabolite  of  the  antihistamine  drug,  gave  a  79%  yield  of  the  N-benzyl 
dihydroimidazo-[1 ,2  a]-pyridinium  salt. 91 

2.2  Measurements. 

The  'h  NMR  chemical  shift  dataware  obtained  on  a  Varian  E-390  NMR 
spectrometer  for  0.2  M  solutions  of  the  appropriate  compound  (the  salts  in  D2O  and  the  free 
bases  in  CDCI3)  at  the  probe  temperature  (34  °C).  The  chemical  shift  values  were  dete''minec 
relative  to  the  internal  standard  sodium  3-trimethylsilyl  propionate  (TSP)  or  tetramethylsilane 
(TMS)  as  appropriate.  All  signals  were  downfield  from  the  reference,  and  the  values  reported 
to  the  nearest  0.05  ppm  were  obtained  by  direct  measurement  using  a  10-ppm  sweep  width. 
The  12c  data  were  obtained  on  a  Varian  XL'200  or  VXR-400S  spectrometer  using  the  same 
parameters  as  above.  The  'h  and  values  are  relative  to  the  respective  uhsubstituted 
parent  compound  for  each  group  of  compounds.  The  sign  of  the  upfield  displacement  of  the 
respective  signal  in  comparison  with  the  parent  compound  is  considered  negative,  and  the 
downfield  displacement  is  indicated  by  a  positive  sign. 

3.  RESULTS  AND  DISCUSSION 

The  nitrogen  atoms  of  the  imidazo-pyridine  molecule  can  exert  a  vaiiety  of 
effects  on  electron  distribution.  In  principle,  they  can  indupe  both  positive  and  negative 
charges  on  the  carbon  atom  of  the  imidazo-pyridines  and,  theref.jre,  present  an  interesting 
situation  to  study  the  substituents'  effects  arising  from  quaternization  of  the  nitrogens,  the 
cross-ring  currents,  the  effect  of  the  presence  and  absence  of  the  double  bond  in  the  imidazole 
ring,  and  the  influence  of  the  pyridine  moiety  on  the  reactivity  of  the  imidazole  ring.  This  report 
discusses  the  effects  of  the  substituents  and  quaternization  on  the  '  H  and  NMR  chemical 
shifts  of  the  title  compounds.  The  influence  of  the  double  bond  of  the  imidazole  ring  on  the 
13c  chemical  shifts  of  the  pyridine  moiety  is  also  discussed. 

A  satisfactory  correlation  between  the  calculated  and  the  predicted  chemicai 
shifts  for  all  pretons  m  the  i^'dazo-[1 ,2-al-pyridines  has  been  reported. 92  Because  the 
general  characteristics  of  the  NMR  spectra  of  these  types  of  compounds  are  straightforward, 
the  assignment  of  the  chemical  shifts  does  not  pose  any  special  problem.  Replacement  of  the 
pyridine  hydrogen  with  a  methyl  group  causes  an  increase  in  the  shielding  of  the  proton  on  the 
carbon  ortho  to  the  carbon  carrying  the  substituent  in  the  imidazo-[l,2-a]-pyridine  series.1'1^ 
Table  1  shows  that  a  similar  effect  prevails  in  the  dihydroimidazo-pyridinium  salts.  A  para 
effect  is  also  displayed  by  the  substituent.  In  other  words,  both  ortho  and  para  effects  due  to 
substitution  are  observed.  The  presence  of  the  electron  withdrawing  substituents  (NO2  group 
in  1g;  N0  and  Ns  m  1m  and  In)  causes  deshielding.  As  a  consequence,  the  ortho  protons  are 
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Table  1.  Dihydroimidazo-pyridinium  Salts 


M  Chemical  Shift  Differences  (AH)  of  Dihydroi.Tiicla2o{1,2-a]-pyhclinium  and  -6-azapyridinium  and  - 

8-azapyridinium  salii)] 


\ound  H5 

AH5 

He 

AHs 

H7 

AH7 

H8 

AHs 

Ref 

8.00 

- 

6.92 

- 

7,91 

- 

7,03 

- 

20 

CH3 

- 

6,74 

-0.18 

7.77 

-0.14 

6.84 

-0.19 

20 

7.80 

-0.20 

CH3 

- 

6.96 

-0.81 

7.80 

+  0  77 

20 

7,82 

-0.18 

6.79 

-0.13 

CH3 

- 

6  84 

-0.19 

20 

7  88 

-0,12 

6.88 

-0.11 

7,74 

-0.17 

CH3 

20 

8  25 

+  0.25 

Br 

- 

7,88 

-0.03 

6,98 

■0,05 

20 

9,25 

+  1.25 

NO2 

- 

8.61 

+0.70 

7.13 

+0.10 

20 

8,60 

+0.60 

6.90 

± 

7.46 

± 

8.14 

+  1,11 

1  4 

8,48 

•*  .  -I.'. 

7  05 

± 

8.00 

± 

8.22 

+  1,19 

14 

8,50 

+0.50 

6.75 

± 

7.57 

± 

7.75- 

8.23 

+ve 

14 

8  61 

+0.61 

GO 

± 

7.30 

± 

7.95- 

8.40 

+ve 

1  4 

7  97 

-0.03 

6.80 

-0.12 

7.95 

+  0.04 

7.14 

+  0  09 

21 

8.7 

+0,70 

N 

- 

8.21 

+0.30 

6.92 

-0.1  1 

20 

8.74 

+0,74 

7.03 

+0.11 

8  51 

+0.60 

N 

_ 

20 

I'leans  Ari  could  not  be  accurately  determined  due  to  the  complexity  of  the  signals  of  these  protons  ] 
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Table  1.  Dihydroimidazo-pyridinium  Salts  (continued) 


la: 

.  R-2  '  ^3*  ^4*  ^5*  *’  ^ 

.  d  -  H 

b: 

R^ ■  ^3*  ^4*  ^5*  ^ 

,  b ,  c ,  d  -  H 

c: 

R2  ”  R3 '  ^4*  ^5*  * 

.  b,  c,  d  -  H 

d: 

R2  “■  CH2i  R^  t  R2  •  R^*  R5  •  * 

,  b,  c,  d  -  H 

e : 

*  CH2f  Rj^  #  R2  •  Rj  *  ^5*  ^ 

.  b,  c,  d  -  H 

f: 

R2  Rj^  •  R3 1  R4  •  R5  • 

b,  c.  d  -  H 

g: 

Rj  -  NOji  R5  -  CHj;  R^.  R3. 
d  -  H 

R4  >  a ,  b ,  c , 

h: 

R5  -  CHj;  a  -  CH2;  b  -  OH; 
R^.  R3,  R4.  d  -  H 

c  “  CH2;  Rj > 

1; 

R5  -  CH2:  a  -  CgH5;  b  -  OH, 
c,  d  -  H 

R^ >  R2 1  R3.  R4 

J: 

R5  -  CH2C5H5;  a  -  CH3;  b  - 
R^,  c,  d  -  H 

OH.  R|^,  R2.  R3. 

k: 

R5  -  CHjCgHj;  a  -  C5H5;  b  - 
R2,  R4.  c.  d  -  H 

OH ,  Rj^ ,  R2  • 

1: 

R5  -  -CH2C^H^-OH(p);  R^,  ^2 
c.  d  -  H 

,  R2 ,  R4  >  a ,  b , 

m:  dlhydrolmldazo  ( 1 , 2-a ) -6-azapyrldlne 

n;  dlhydrolmldazo  ( 1 , 2- a ] - 8 - azapyrldlne 


liiiod  downfield.  An  increased  shielding  effect  due  to  the  electron-donating  groups  such  as  - 
;  -OC2H5,  and  -N{C2H5)2  on  ortho  and  para  protons  is  also  observed  in  the  free  bases 

obie  2  compounds  3-12).  This  leads  to  increased  electron  density  of  C0  and  03^  and  this 
;  'g  is  in  general  agreement  with  their  chemical  reactivity  vis-a-vis  The  re  /ersal  of 

f  oeiio  effect  of  compounds  13  and  14  may  be  due  to  the  peri-interaction. 

Contrary  to  the  claim  that  the  substituents  on  the  pyridine  ring  had  very  little 
c  ct  the  properties  of  the  imidazole  moiety  and  vice  versa,"*®  the  substituents  on  the 
;  zo  e  ring  do  cause  significant  changes  in  the  and  "*30  chemical  shifts  of  the  pyridine 
'  ■,  ty  of  the  molecule  (Tables  1  and  2).  The  size  (bulk)  of  the  alkyl  substituent  had  no 
.:  i  ricant  effect  on  the  chemical  shifts  of  the  ortho  protons  (compounds  3,  7,  and  9). 

QUATERNIZATION 

In  principle,  quaternization  is  possible  at  both  sites,  Ni  and  N4.  The  N4 
,  ‘  j":  zea  compounds  such  as  2,3-dihydroimidazo-[1,2-a]-  and  imidazo-[1 ,2-a]-pyridinium 
ii  oour'.ds  can  be  synthesized  from  suitably  substituted  precursors.  Protonation  decreases 
e  N  T  bond,  spin-pairing,  and  paramagnetic  contribution  and  enhances  cross-ring 
'’..rbaticns  and  anomalous  upheld  shifts  of  signal  of  the  a-carbons  upon  protonation  of 

•  adiacent  nitrogen. 23  Tables  3  and  4  describe  the  effect  of  protonation  of  the  bridgehead 
•.  ogen,  which  produces  resonance  and  inductive  effects  in  the  pyridine  ring.  In  the  case  of 
derivatives,  the  H5  is  displaced  upheld  in  all  cases,  whereas  it  exerts  mixed  effects 


In  general,  the  pyridinium  protons  of  the  iniidazo-[1,2-a]-pyridinium  salts  are 
n  deshiolded  by  the  quaternization  of  the  pyridine  nitrogen  (see  Table  4).  This  effect  is 
■  pronounced  than  in  the  case  of  the  dihydroanalogs.  The  presence  of  the  double  bond  in 

■  ’1  cazole  ring  also  contributes  to  the  chemical  shift  displacement  of  H5,  H0,  Hg  and  Hg 

atern  zation  of  the  free  bases  generally  leads  to  N-]  quaternized  products. 2-24  a 

w^sequence,  the  signal  due  to  H5  is  displaced  downfield  (Table  4,  structures  44-46).  This 

,r"a‘:c  8‘fect  is  directly  n  butable  to  the  resonance  structures  (Table  4,  structures  48-49). 24 

■  uiir  5  sno'fys  the  effect  .  jced  by  the  presence  of  a  positively  charged  nitrogen  (N4)  on  the 

■  V  cnemicai  shifts  of  the  cc  'droderivatives.  Except  in  the  case  of  1b,  the  signal  due  to  C5  is 
,1  a-ed  upf.eld  in  all  ccmp.c.nds  examined.  The  Cqq  appears  to  suffer  a  similar  fate. 

■^he  quaterniza^  'n  of  N4  produces  an  upfield  displacement  of  the  "'^Cga  signal 

■  ':’7  1  2ole  6),  whereas  the  quaternization  of  N4  causes  a  downfield  displacement  of 

Tne  A  values  of  C5,  Cg,  Cy  and  Cg  reflect  cross-ring  substituent  effects,  C5 

jIiCm ig  the  smallest  perturbation.  Comparison  of  the  "*20  NMR  chemical  shifts  of  the 
orn  caroons  of  36  and  37  indicates  that  the  substituent  on  does  not  make  a 
1  cant  contribution  to  their  chemical  shifts.  The  removal  of  the  double  bond  between  C2 
:  Cv  cf  the  quaternized  compound  (44)  causes  definite  changes  in  the  "*20  chemical 
isae  44  and  47);  more  particularly,  the  Ac  values  of  C5,  Cy^  and  Cg  and  the  signal  due  to 
:s  displaced  downfield.  Nonetheless,  the  quaternization  does  produce  significant 

■  on  w,  electronic  effects. 

Table  7  gives  the  cnemical  shift  differences  (Ac)  due  to  the  quaternization  cf  the 
: '  1  .■■rs,  AIttiough  the  quaternization  occurs  at  Ni ,  the  overall  contribution  of  the  resonance 
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Table  2.  Pyridinium  Protons 


R4 


[(^H-NMR  Chemical  Shift  Differences  (AH)  of  Pyridinium  Protons  of  the 


Compound 

AH3 

Imldazo  {1,2-a] -pyrldlnes.)] 

AHg  Hj  AHj 

«8 

AHg 

Ref 

2 

8.16 

- 

6.78 

- 

7.15 

- 

7.70 

- 

1,26 

3 

CHj 

' 

6.78 

0.0 

7.23 

+0.08 

7.60 

-0.10 

1.25 

U 

7.90 

-0.26 

CH3 

- 

6.99 

-0.16 

7.60 

-0.10 

1,2,17 

5 

7.96 

-0.20 

6.45 

-0.33 

CH3 

- 

7.36 

-0.34 

1,2.71 

6 

8.04 

-0.12 

6.68 

-0.10 

6,98 

-0.12 

CH3 

- 

1.2 

7 

C2H5 

- 

6.62 

-0.16 

7.19 

+0.04 

7.61 

-0.09 

13 

8 

OC2H5 

- 

5.91 

-0,87 

7.10 

-0.05 

7.85 

+0.15 

18 

9 

CH(CH3)2 

- 

6.62 

-0.16 

7.19 

+0.04 

7.61 

-0.09 

13 

10 

N(C2H5)2 

- 

6.35 

-0.43 

7.18 

+0.03 

7.44 

-0.16 

25 

11 

7.83 

1 

0 

6.38 

-0.10 

N(C2H3)2 

- 

6.51 

-1.19 

25 

12 

7.70 

-0.46 

6.66 

-0.12 

6.28 

-0.67 

N(C2H5)2 

- 

25 

13 

NHAc 

- 

7.09 

+0.31 

7.28 

+  0.13 

7.47 

-0.23 

25 

U 

9.22 

+1.06 

NHAc 

- 

7.15 

0.0 

7.55 

-0.15 

25 

15 

8.24 

+0.08 

6.84 

+0.06 

7.97 

+0.82 

NHAc 

- 

25 

16 

Br 

- 

6.89 

+0.11 

6.86 

-0.29 

7.48 

-0.22 

26 

17 

8.32 

+0.16 

Br 

- 

7.20 

+  0.05 

7 . 59 

-0.11 

25 

18 

8 . 19 

0 

0 

6.95 

+0.17 

7.25 

+  0.10 

7 .67 

-0.03 

25 

19 

7.89 

-0.27 

6.79 

+  0.01 

7.12 

-0.03 

7 . 64 

-0.06 

25.26 

20 

CH3 

- 

6.48 

-0.30 

7.01 

■0.14 

7  43 

-0.27 

26 

13 


Table  2.  Pyridinium  Protons  (continued) 


Com¬ 

pound 

«5 

AH5 

H6 

H7 

H7 

Ha 

Ref. 

21 

OC2H5 

* 

- 

- 

8.30 

+1.15 

6.13 

-1.57 

18 

22 

CH3 

- 

7.35 

+0.57 

7.85 

+0.70 

7.85 

+0.15 

25 

23 

Br 

• 

6,89 

+0.09 

6.86 

-0.29 

7.48 

-0.22 

26 

24 

NH2 

■ 

5.8 

-0,98 

6.93 

- 

6.93 

- 

26 

25 

9.0 

+0.84 

7.40 

+0.62 

8.40 

+1.25 

NHAc 

- 

25 

26 

Br 

- 

6.89 

+0.11 

6.86 

-0.29 

7.48 

-0.22 

26 

27 

7.90 

-0.26 

CH3 

- 

7.00 

-0.15 

7.51 

-0.19 

18 

23 

8.05 

-0.09 

6.70 

-0.08 

6.98 

-0.17 

CH3 

- 

18 

29 

8.21 

+0.05 

Cl 

- 

7.15 

0.0 

7.60 

• 

0 

0 

18 

30 

NO  2 

- 

- 

- 

6.48 

-0.67 

8.60 

+0.90 

13 

31 

9.45 

+1.27 

7.53 

+0.75 

7.83 

+0.68 

8.05 

+0.35 

25 

14 


Table  3.  Dihydrolmidazo-[1,2-al-Pyridines  and  Pyridinlum  Salts 


[  (^H-Chemical  Shift  Differences  CiH)  of  Dlhydroimidazo[l ,  2-a] -pyrldlnes 

and-Pyrldlnium  salts.)) 


Compounds*  -♦-+ 

AHs 

AHg 

AH7 

AHg 

la  and  2 

-0.16 

-fO.  14 

+0.76 

lb  and  3 

- 

-0.04 

+  0.54 

+0.76 

Ic  and  4 

-0.10 

- 

-0.03 

+0.20 

Id  and  5 

-0.10 

+0.33 

. 

-0.31 

le  and  6 

-0.16 

+0.20 

+0  24 

- 

Values  are  taken  from  Tables  I  and  2, 

++  Downfield  displacement  +ve.  upfield  displacement  -ve  with  respect  to  the  free  base. 


Table  4.  Pyridinium  Protons 


[(^H-NMR  Chemical  bhifc  Dlfferencs  CH)  of  Pyridinium  Protons  of  the 


Imidazo ] 

[l,2-a]pyridinlum  salts 

.) 

Com¬ 

pound 

+• 

N 

»5 

”6 

-H6 

“7 

AHy 

«8 

AHg 

Ref 

2 

- 

8.20 

- 

6.80 

- 

7.21 

- 

7.56 

- 

26 

38 

+ 

N4 

8.62 

-^0.42 

CH3 

- 

7.87 

+0.66 

7.87 

+0.31 

2 

39 

+ 

N4 

8.58 

+0.38 

7.33 

+0.53 

CH3 

- 

7.68 

+0.12 

2 

aO 

+ 

N4 

8.73 

+0.53 

7.53 

+0.73 

7.40 

+0.69 

CH3 

- 

2 

■■  1 

^4 

8 . 5b 

+0.36 

CH3 

- 

7.93 

+0.72 

7.93 

+0.37 

2 

42 

N4 

8.62 

+0.42 

7.40 

+0.60 

CH3 

- 

7.84 

+0.28 

2 

43 

+ 

N4 

8.67 

+0.47 

7.46 

+0.66 

7.83 

+0.62 

CH3 

- 

2 

44 

+ 

9.70 

+  1 .  5 

- 

- 

- 

- 

■ 

- 

14 

45 

+ 

9.14 

+o.':4 

- 

- 

- 

- 

- 

- 

14 

46 

-f 

8,89 

+0.79 

- 

- 

- 

- 

- 

- 

14 

16 


Table  4.  Pyridinium  Protons  (continued) 


-Rs 


2 

Rj^,  R2 ,  Rj,  R^,  R51 

Rg  -  H 

3 

Rj^“CH2;  R2 .  R2 » 

R5.  Re  " 

H 

4 

R2-CH3;  Rj^.  R3,  R4, 

R5.  Rfi  - 

H 

5 

R3-CH3;  R3,  R2,  R4, 

R5.  Rg  - 

H 

6 

R4“CH3i  R3 ,  R2 »  R3 » 

R5,  Rg  “ 

H 

7 

R3— C2H5;  R2.  R3 .  R4 

•  Rs*  Rb 

-  H 

8 

R3*OC2H^j  R2 1  ^3*  ^1 

4.  R5.  Rg 

-  H 

9 

R3-CH(CH3)2:  R2*  ^3 

.  R4 »  Rg . 

-  H 

10 

R3“*H(C2H5)2!  R2»  R3 

.  R4 •  R5  > 

^6 

-  H 

11 

R3“W(C2H5)2l  Rj_»  R2 

•  R4 •  R5 ’ 

Rs 

-  H 

12 

R4“M(C2H5)2l  R2 

,  R3 ,  Rj , 

Re 

-  H 

13 

R^^WHAc;  R2  •  R3  •  R4 

.  Rg.  Rg 

-  H 

14 

R2“NHAcj  Rj»  ^3*  ^4 

.  Rg.  Rg 

-  H 

15 

R4-NHAC;  Rj,  R2,  R3 

.  Rg.  Rg 

-  H 

16 

Rj-Br;  R2,  R3,  R4. 

Rg.  Rg  - 

H 

17 

Rj-Br;  R^.  R3.  R4. 

Rg.  Rg  - 

H 

18 

Rg“Br;  R3,  R2f  R3> 

R4.  R5  - 

H 

19 

Rg“"CH3i  R3  R2 1  ^3’ 

R4.  R5  -  H 

20 

R3“CH3i  R^^Br,  R2i 

R3 .  R4.  ^ 

‘5  " 

H 

21 

R^^OCHjI  Rg“N02l  R2 

.  R3> 

R5 

-  H 

22 

R3’“CH3;  Rg“N02;  ^2’ 

R3.  R4. 

R5  ■ 

■  H 

23 

R^-Br;  Rg— CH3;  R2, 

R3.  R4.  R5  “ 

H 

24 

R,-NH2;  R6“^”3'  ’^2' 

R3.  R4. 

"5  - 

■  H 

25 

R.-NHAc;  R.-f^O,;  R, 

2’  R3’  ^^4 

■  "6 

,  -  H 

26 

Rj-Br;  R^-CH^;  R^, 

R3)  R^f 

“6  - 

H 

17 


Table  4.  Pyridinium  Protons  (continued) 


(  3  6  -_4  :}) 


27 

R-%'*CH2l  R5  “  CO2C2H 

5:  R] 

,  R3,  P 

h  ~ 

28 

R^-CHj;  R5-CO2C2H5: 

R2,  R3. 

H  -  » 

29 

R2“C1;  Rj“C02C2Hj, 

H- 

^3 1  R4 1 

Rg  -  H 

30 

R5-CO2C2H5: 

R2 , 

R3,  R4 

Rg  -  H 

31 

R^«*N02l  •  ^2'  ^3' 

R4. 

R5  -  H 

32 

R^*C02C2H^f  R^ I  R2 * 

R3. 

R4.  Re 

-  H 

33 

R^-N02:  R5-CO2C2H5; 

Rl. 

R3 .  R4 

.  R6  “  » 

34 

R^-NOj;  R^-C02C2H5; 

^1- 

P.2,  r’.3 

,  R6  -  » 

35 

R2-CI;  R^.  R3.  R4, 

R5. 

Rg  -  H 

36; 

^2  •  ^3’  ^4'  ^5 

.  ^6 

,  R7  - 

H 

37; 

R3-CH3;  R2.  R3 

.  ^4 

,  Rg.  R 

7  -  H 

OO 

R2”CH3;  Rj^,  R3,  R4 

•  ^5 

.  ^6- 

7  -  H 

39; 

R2“CH3;  R^,  R2 I  R4 

,  R5 

.  ^6- 

7  -  H 

40; 

R^-CH3:  R^,  R2_  R3 

•  ^5 

,  Rg,  R 

7  -  » 

41: 

^2  ’  ^5  ""  ^^3 ’  ’ 

R3. 

R4 .  Rg ■ 

Ry  -  H 

42; 

R3,  R5  -  CH3;  R3, 

R2 1 

R4.  R5. 

R7  -  H 

43: 

R^,  R5  -  CH3;  R3, 

R2  1 

R3,  Re* 

Ry  -  H 

44; 

R5 

-  CH2  CgH5;  Rg  -  CH3;  R3_  R2 , 

.  R3.  R, 

-  H 

45: 

^5 

-  CHjCgHg;  Rg  -  CgHg:  R3 ,  R2 , 

,  R3.  R 

^7 

-  H 

46; 

«5 

“  CH2CgH3,'  Rgi  R7  “  OH7,  R|> 

^2' 

-  H 
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Table  4.  Pyridinlum  Protons  (continued) 


CH2C6H5 


19 


Table  5.  Pyridinium  Carbons 


:^^C-N'MR:  Chemical  Shift  Differences  (Ac)  of  the  Pyridinium  Carbons 

of  the  Dlhydroimlda20“[l,2-a]pyrldlniua  Derivatives.) 


Com- 

1 

^5 

1.C 

5 

c, 

5 

A 

L-i  ' 

^6 

C 

7 

pound 

la 

139 

,20 

116, 

,50 

147 

.30 

1  u 

4k 

150 , 

,  80 

-t-11. 

,60 

116. 

,30 

-0 

.20 

147 

.30 

Ic 

135 

,  70 

-3 

.50 

127. 

30 

+10 

.80 

137 

.00 

Id 

138, 

,  70 

-1. 

,20 

118. 

60 

+2, 

.10 

161. 

,00 

.  c 

136, 

,20 

-3, 

,00 

116. 

60 

+0 

.10 

145, 

.60 

If 

137, 

50 

-1, 

70 

114. 

90 

-1, 

,60 

145. 

,60 

11 

144 , 

60 

+  5. 

,40 

112. 

70 

-3 

80 

138, 

,00 

AC 

7 

cs 

AC 

8 

Cg 

a 

AC 

8« 

Ref 

- 

112, 

.20 

- 

158 

.90 

20 

0.0 

108. 

,80 

-3 

.40 

159 

.20 

+0 

.30 

20 

-10 

.30 

118, 

80 

+6 

.60 

149 

.30 

-9 

.  uO 

20 

+13 

.70 

111. 

10 

-1 

.10 

158 

.60 

-0 

.30 

20 

-1 

.70 

123. 

00 

+10 

.80 

158 

.90 

0 

.0 

20 

-1 

.70 

108. 

20 

-4, 

.00 

153, 

,40 

-5 

.  50 

20 

-9 

.30 

107. 

70 

-4 

.50 

157 

.20 

-1 

.70 

21 

Table  6.  Pyridinium  Carbons  of  lmldazo-[1,2-a]-Pyridlnes 


[''3c-NMR;  Effect  of  the  Substituents  on  Chemical  Shift  Difference  (AC)  of 
Pyridinium  Carbons  of  lmida2o{l  .2,-a]-Pyridines.] 


Com¬ 

C 

5 

A, 

^5 

6 

A  1 

^6 

C 

7 

A  Ct 

C8 

A  C 

3 

Cg. 

3 

Re 

pound 

2* 

125 

.80 

112 

.20 

124. 

,30 

il/. 

.  70 

145. 

,40 

10 

3* 

134 

.40 

+8 

.60 

112 

.20 

0 

.0 

124, 

,30 

0. 

0 

115, 

.00 

-2 

.7 

145. 

,80 

+0 

.4 

13 

U* 

123, 

,50 

-2 

.30 

121 

.90 

+9, 

.7 

127. 

.60 

+3. 

3 

117, 

.00 

-0 

.7 

144. 

,60 

-0, 

,8 

13 

5* 

125 

,10 

-0 

.7 

115, 

.00 

+2 

.8 

135, 

.30 

+11. 

0 

116, 

,40 

-1 

.6 

146, 

,00 

+0. 

.6 

13 

6* 

123. 

.70 

-2, 

.1 

112. 

,00 

+0 

,8 

123, 

.30 

-1. 

2 

127, 

,50 

+9 

.9 

146. 

.00 

+0. 

.6 

13 

7* 

139 

,90 

+14, 

.1 

109, 

,30 

-2. 

,9 

124. 

.6 

+0. 

3 

115. 

,20 

-2 

.  5 

146. 

10 

+  0. 

,  7 

13 

8* 

148, 

.30 

+22 

,50 

88. 

,50 

-23 

,70 

125. 

.90 

+  1. 

6 

108, 

,70 

-9 

.0 

145. 

.90 

+0, 

,50 

18 

9* 

144, 

,30 

+18 

.5 

107. 

,20 

-5 

.0 

124, 

.60 

+0. 

3 

115, 

.30 

-2 

.4 

146 

.10 

+0 

.  70 

13 

36* 

129, 

,29 

+3 

.49 

117, 

,12 

+4, 

.92 

133. 

.59 

+9. 

29 

112, 

,06 

•5 

.64 

139 

,18 

-6 

.22 

10 

37* 

129. 

,32 

+3 

,52 

117. 

.08 

+4, 

.88 

133 

,27 

+8. 

,97 

118 

.42 

+0 

.72 

139 

.16 

-6 

.25 

1C 

47* 

137. 

,50 

+11. 

,  70 

114, 

,90 

+2 

.70 

145. 

,60 

+21. 

30 

108, 

.20 

-9 

.5 

153, 

.43 

+  8 

.03 

14 

32** 

127, 

,60 

117, 

,80 

126, 

.50 

118 

.00 

144 

.60 

18 

28** 

125. 

,20 

-2, 

,40 

118. 

,50 

+0, 

.70 

124, 

.70 

-1. 

8 

127, 

,40 

-9 

.4 

145. 

,20 

+0, 

.6 

18 

29** 

127, 

50 

-0. 

.10 

120. 

,50 

+2, 

,7 

125. 

40 

-1. 

10 

118. 

70 

+0 

.  7 

142. 

,90 

-1. 

70 

13 

33** 

120. 

,20 

-7, 

,4 

138, 

.50 

+20. 

,7 

128. 

80 

+2. 

3 

120. 

,50 

+2, 

.5 

144. 

50 

-0. 

10 

18 

34** 

139 

.90 

+6 

.30 

119 

.  80 

+2 

.00 

125 

,70 

-0. 

80 

137 

.20 

+19 

.2 

137. 

50 

-7  , 

,  1 

1  Q 

L  ^ 

35** 

125, 

.20 

-0 

.60 

118 

.90 

+  6 

.  7 

124. 

90 

rO. 

60 

117, 

60 

-0, 

.40 

143. 

00 

-2. 

40 

1  s 

‘AC  values  with  respect  to  2. 
“AC  values  with  respect  to  22- 
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Table  7.  Pyridinium  Carbons  of  !midazo-[1,2‘a]-Pyridines  Due  to  Quaternization 


r 


[^^C-NMR;  Chemlcai  Shift  Difference  (AC)  of  Pyridinium  Carbons 
of  Imidazo -[  1 , 2 -a]  Pyridlnes  Due  to  Quaternization  of 


Compound 

AC5 

-^6 

ACg 

^  C  g  a 

Ref 

+4.2 

+0.8 

+4.2 

-0.7 

-0.8 

18 

6 

-0.1 

+0.5 

+2.4 

-0.7 

-0.9 

18 

8 

+0.4 

+2.7 

+2.7 

-2.2 

-2.2 

18 

28 

+0.8 

+0.5 

+1.4 

+0.7 

-1.5 

18 

29 

+  5.4 

+2.0 

+1.4 

-2.6 

-1.9 

18 

32 

+  1.9 

-2.8 

+1.9 

-1.9 

-1.3 

18 

35 

+  2.1 

+  1.2 

+0.6 

-1.0 

-1.2 

18 

I 


*  With  respect  to  Z- 
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